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ABSTRACT 

Introduction: The present study was conducted 
to evaluate the antioxidant and immunostimu- 
lant effects of The Carica papaya fruit aqueous 
extract (CPF, Caricaceae) against acrylamide 
induced oxidative stress and improvement 
of Immune functions which affected by free 
radicals liberating acrylamide in rats. Material 
and methods: Sixty male wistaralbino rats ( 195- 
230g) were assigned to four groups, (fifteen/ 
group). The first group used as control group 
and received normal physiological saline orally 
daily. The second group was supplemented with 
acrylamide 0.05% in drinking water. The third 
group was gastro-gavaged with 250 mg/kg of 
papaya fruit extract orally on daily basis. The 



fourth group was supplemented with acrylamide 
0.05% in drinking water and gastro-gavaged 
with 250 mg/kg of papaya fruit extract orally 
on daily basis. The chosen dose of papaya fruit 
extract was based on the active pharmacological 
dose range obtained from the orientation study 
earlier conducted. The experimental period was 
extended to forty day. At the expiration of the 
experimental period and night fasting, blood 
samples were collected from the orbital venous 
sinus. The sera were separated and used for 
determining of IgG and IgM and the stomach, liver 
and kidney homogenates for estimation of MDA, 
GSH level, SOD and CAT activity as a biomarker 
of lipid peroxidation and antioxidative stress. 
Results and discussion: The obtained results 
revealed that, acrylamide caused significant 



increases in MDA and decrease of GSH level, SOD 
and CAT activity due to the oxidative stress in- 
duced by acrylamide on membrane polyunsatu- 
rated fatty acids in rat's stomach, liver and kidney 
while administration of CPF aqueous extract, was 
significantly ameliorated the increased levels of 
MDA and decline of GSH, SOD and CAT activity in 
the stomach, liver and kidney tissues caused by 
acrylamide toxicity. Meanwhile, CPF aqueous ex- 
tract significantly increased immune functions 
(IgG and IgM) while acrylamide significantly 
decrease it specially IgG. Thus, this study sug- 
gests that acrylamide-induced oxidative stress 
in rats can be ameliorated by administration of 
CPF aqueous extract. 

Key words: Carica papaya fruit, Acrylamide, 
Oxidative stress, Immunoglobulin. 



1. INTRODUCTION 

Damage induced to cellular con- 
stituents by oxygen-derived free rad- 
icals have been accepted to play a 
crucial role in the pathogenesis of a 
wide range of chronic and degenera- 
tive disorders (aging, atherosclerosis, 
neurodegeneration cancer, cataract), 
as well as in acute clinical conditions 
(1). Millions of people in various tra- 
ditional systems have resorted to the 
use of medicinal plants to treat their 
ailments; this could be as a result 
of the high cost of orthodox health 
care, or lack of faith in it, or may be 
as a result of the global shift towards 
the use of natural, rather than syn- 
thetic products. Therefore, substanc- 
es with antioxidant properties have 
recently been given unprecedented 
attention as possible therapeutic and 
preventative agents (2). Carica papa- 



ya Linn, (family: Caricaceae) popu- 
larly known as pawpaw and more 
commonly known as the papaya (3) 
is native to Southern Mexico, Cen- 
tral America and Northern South 
America. The papaya is now culti- 
vated in most countries with tropi- 
cal climate like Malaysia, the West 
Indies and throughout Africa (4). 
It is an interesting tree in that the 
male and female parts exist in dif- 
ferent trees. The fruits, leaves, seeds 
and latex are used medicinally. Paw- 
paw fruits has a juicy taste rich in 
antioxidant nutrients like carotene, 
vitamin C, vitamin B, navonoids, fo- 
late, panthotenic acids and minerals 
such as potassium and magnesium, 
the fruit is also a good source of fi- 
bre all these are reported to promote 
the functions of cardiovascular sys- 
tem and provide protection against 



colon cancer (4, 5, 6) revealed that, 
the biologically active constituents 
of papaya include chymopapain and 
papain, are used in the treatment of 
arthritis and digestive disorders, also 
extracts of the ripe fruits are used 
for a variety of medicinal purpos- 
es ranging from treatment of ring- 
worm, malaria and hypertension. 
While extracts of unripe fruit have 
been used in treatment of diabetes 
(7). Traditionally, the leaf extract was 
used as a tonic for the heart, anal- 
gesia and treatment for stomach 
ache (8). The extract is also known 
to have antioxidant properties (9, 10). 
Despite the wide and historical use 
of Carica papaya in the traditional 
management of many diseases, the 
scientific validation of its use as an- 
tioxidant is lacking. In view of this, 
the current preliminary study was 
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designed to evaluate the antioxidant 
potentials of the fruit extract in rats. 
Acrylamide (ACR) is a water solu- 
ble vinyl monomer used extensively 
in the production of polyacrylamide 
with several uses (11). It is used in wa- 
ter purification, making of cosmet- 
ics, glues and paper, as a soil stabi- 
lizer and for the production of poly- 
acrylamide gel electrophoresis (12). 
It is a contaminant in certain pota- 
toes and grain-based foods cooked 
at high temperature. Its presence in 
these foods occurs through maillard 
reaction between amino acids espe- 
cially asparagine and certain reduc- 
ing sugar either glucose and/or fruc- 
tose (13). In rodent models, ACR 
had significant carcinogenic effect 
and damage to the nervous system 
(14). The acrylamide toxicity is con- 
sidered to be hepatotoxic, genotox- 
ic and causes lipid peroxidation (15, 
16, 17). The aim of the present study 
is to determine the possible antiox- 
idant and immunostimulant effects 
of Carica papaya L aqueous extract 
in acrylamide intoxicated rats. 

2. MATERIALAND METHODS 

Chemicals 

Acrylamide and all reagents used 
for the determination of oxidative 
indices were purchased from Sigma 
chemicals (St Louis, Mo, USA). Oth- 
er reagents of analytical grade were 
obtained from normal commercial 
sources. 

Plant authentication and ex- 
tract preparation 

Matured fresh unripe C. papaya 
fruit was obtained in a local garden 
and was authenticated in Depart- 
ment of nutrition, Faculty of agri- 
culture, Damanhur University. The 
fruit was peeled and the cream co- 
loured seeds inside discarded, 100 
g of the fruit was soaked in 100ml 
of distilled water and incubated at 
room temperature for 72 h. The ex- 
tract was sieved into a clean contain- 
er and kept in the refrigerator until 
use (18). 

Animals 

Sixty male wistar albino rats (195 
- 230 g) obtained from were used 
for the study. They were kept in rat 
cages in well ventilated house, tem- 
perature of 27-30 °C, 12h natural 
light and 12h darkness, with free 



access to tap water and dry rat pel- 
let. They were allowed to acclima- 
tize for 15 days prior to the experi- 
ment. All animals received humane 
care in compliance with the institu- 
tion's guideline and criteria for hu- 
mane care as outlined in the Nation- 
al Institute of Health Guidelines for 
the Care and Use of Laboratory An- 
imals (19) (NIH, 1985). Treatment of 
the animals was in accordance with 
the Principles of Laboratory Animal 
Care. Rats were divided into four 
equal groups of 15 rats each. The first 
group used as control group and this 
received 250 pi of physiological sa- 
line orally daily. The second group 
was supplemented with acrylamide 
0.05% in drinking water. The third 
group was gastro-gavaged with 250 
mg/kg of papaya fruit extract oral- 
ly on daily basis. The fourth group 
was supplemented with acrylamide 
0.05% in drinking water and gas- 
tro-gavaged with 250 mg/kg of papa- 
ya fruit extract orally on daily basis. 
The chosen dose of papaya fruit ex- 
tract was based on the active phar- 
macological dose range obtained 
from the orientation study earlier 
conducted. The experimental period 
was extended to forty day. 
Samples 

At the expiration of the experi- 
mental period, fasted control and 
other thee groups were anesthe- 
tized under diethyl ether, the blood 
was collected from orbital venous si- 
nus and kept without anticoagulant 
at room temperature for one hour, 
then centrifuged at 3000 rpm/30 
min. The non-hemolysed serum was 
obtained in clean sterilized rubber 
stoppered glass vials and stored at 
-20 °C until used for determination 
of IgG and IgM according to Ojala 
et al (1981). Then the rats from each 
group were sacrified by cervical dis- 
location. After that, the stomach, liv- 
er and kidneys were eviscerated and 
perused with ice-cold 0.05 M tris- 
HC1 buffer pH7.4 containing 0.25 
M sucrose. The stomach, liver and 
kidneys were blotted, dried, weight- 
ed and the homogenized in the ice- 
cold buffer with twelve stroks in a 
tight-fitting potter Elvehagen ho- 
mogenizer. Lipid peroxides as malo- 
ndialdehyde (MDA) were measured 
spectrophotometrically after the re- 



action with thiobarbituric acid (20). 
Reduced glutathione (GSH) was as- 
sayed by Spectrophotometric tech- 
nique; the method is based on re- 
ductive cleavage of 5.5. dithiobis 
2-nitrobezoic acid (DTNB) by sul- 
phydryl group to yield yellow colour 
with maximum absorbance at 412 
nm (21). Catalase activity was deter- 
mined according to the method of 
Sinha (Sinha, 1971). Superoxide dis- 
mutase activity was determined ac- 
cording to the method of Misra and 
Fridowich (23). 

Statistical analysis 

The results are expressed as Mean 
±SE. Analysis of data was performed 
by one-way analysis of variance 
(ANOVA). P value less than 0.05 was 
considered statistically significant. 

3. RESULTS 

The result postulated in Table 1 
revealed that, the administration of 
acrylamide alone in drinking water 
significantly (P< 0.05) increased lip- 
id peroxidation as expressed by in- 
creased MDA level in stomach, liv- 
er and kidneys. In the contrary pa- 
paya fruit extract (PFE) when supple- 
mented in combination with acryl- 
amide (4 th group) reveals a signifi- 
cant (P< 0.05) decrease in the level of 
MDA in stomach, liver and kidneys 
as compared to second group. 

Table 2 show that, the adminis- 
tration of acrylamide resulted in sig- 
nificant decrease (P< 0.05) in the lev- 
el of GSH in stomach, liver and kid- 
neys. The data in Table 2 represent- 
ed the extension of study to deter- 
mine the effect of PFE in combina- 
tion with acrylamide (4 th group) on 
the level of glutathione. The present 
findings revealed that, the supple- 
mentation of PFE resulted in signifi- 
cant (P< 0.05) increase in the content 
of GSH in stomach, liver and kid- 
neys as compared to second group. 

Table 3 show that, the adminis- 
tration of acrylamide resulted in sig- 
nificant decrease (P< 0.05) in the ac- 
tivity of CAT in stomach, liver and 
kidneys. The data in Table 3 repre- 
sented the extension of study to de- 
termine the effect of PFE in combi- 
nation with acrylamide (4 th group) 
on the activity of CAT. The supple- 
mentation of PFE resulted in signif- 
icant (P<0.05) increase in the activi- 
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Groups 




LP. (nmol MDA/g wet tissue) 




Stomach 


Liver 


Kidney 


Group 1 (Control] 


100.06 ± 1.61' 


112.1 ± 1.3° 


115.93 ± 1.75' 


Group II [Acrylamide) 


176.8 ± 1.72' 


165.44 ± 1.89" 


186.66 ± 1.35 1 


Group III (CPF) 


80.66 ± 1.51" 


99.3 ± 1.2" 


114.3 ± 1.75' 


Group IV (Acrylamide+ CPF] 


152.96 ± 1.42' 


133.5 ± 1.69" 


148.92 ± 1.35° 


Table 1. Effect of acrylamide (0.05% 


in water) and CPF aqueous extract (250mg/kg) and their combination 


on lipid peroxidation (nmol MDA/gm) of stomach, liver and kidneys of rats. Means within the same column 


carrying different letters are significantly different (P< 0.05) Means within the same row carrying different 


letters are significantly different (P< 0.05) 










GSH (jL/mol/g wet tissue] 




Groups 


Stomach 


Liver 


Kidney 


Group 1 (Control] 


32.49 ± 0.60 a 


78.61 ± 1.31" 


61.95 ± 1.12" 


Group II [Acrylamide) 


15.79 ± 0.57 c 


39.39 ± 1.32" 


31.03 ± 1.41' 


Group III (CPF) 


33.46 ± 0.30 a 


98.17 ± 1.35 s 


79.39 ± 1.37 a 


Group IV (Acrylamide+ CPF) 


24.97 ± 0.77" 


59.02 ± 1.33 c 


58.11 ± 1.61" 


Table 2. Effect of acrylamide (0.05% 


in water) and CPF aqueous extract (250mg/kg) and their combination 


on G-SH (/Jmol/gm) of Stomach, liver and kidneys of rats. Means within the same column carrying different 


letters are significantly different (P< 


0.05) 






Groups 




CAT (K/Sec/mg protein) 




Stomach 


Liver 


Kidney 


Group 1 (Control) 


66.87±54b 


104. 50 ± 14a 


88.23±23b 


Group II [Acrylamide) 


43.74±35c 


73.20±18c 


50.53±43c 


Group III (CPF) 


79.95±57a 


108.76±13a 


103.78 ± 23a 


Group IV (Acrylamide+ CPF) 


63.76±64b 


91.46±15b 


83.67±46b 



Table 3. Effect of acrylamide (0.05% in water] and CPF aqueous extract (250m g/kg) and their combination 
on cat alase activity (CAT) (K/Sec/mg protein) of Stomach, liver and kidneys of rats. Means within the same 
column carrying different letters are significantly different (P< 0.05) 



ty of CAT in stomach, liver and kid- 
neys as compared to second group. 

Table 4 show that, the adminis- 
tration of acrylamide resulted in sig- 
nificant decrease (P<0.05) in the ac- 
tivity of SOD in stomach, liver and 
kidneys. The data in Table 4 showed 
that, the administration of PFE in 
combination with acrylamide (4 th 
group) resulted in significant (P< 
0.05) increase in the activity of SOD 
in stomach, liver and kidneys as 
compared to second group. 

Table 5 revealed that, the admin- 
istration of acrylamide resulted in 
significant decrease (P<0.05) in IgG 
and IgM. The data in Table 5 postu- 
lated that, the administration of PFE 
in combination with acrylamide (4 th 
group) resulted in significant (P< 
0.05) increase in the IgG as com- 
pared to second group. 

4. DISCUSSION 

The present study evaluated the 
antioxidant and immunostimulant 
activities of Carica papaya L aque- 
ous extract against acrylamide toxic- 
ity. Cells posses a variety of primary 
and secondary defenses against lipid 
peroxidation and other deleterious 



effect of oxidative damage. Primary 
defenses were mainly preventative 
which depend on scavenging/inac- 
tivation of Reactive Oxygen Species 
(ROS) or redox metal ions before lip- 
id peroxidation take place. They in- 
clude superoxid dismutase (SOD), 
glutathione peroxidase (GPx) which 
scavenge superoxide anion radical 
and hydrogen peroxide at low con- 
centration, catalase which scavenge 
hydrogen peroxide at high concen- 



tration where as secondary defens- 
es had protective role which involve 
excision/repair of any lesion that do 
develop (24). Glutathione is an abun- 
dant and important antioxidant tri- 
peptide and essential biofactor syn- 
thesized in all living cells. It func- 
tion mainly as an effective intra- 
cellular reductant. It protect cells 
from free radicals mediated dam- 
age caused by drugs and ionizing ra- 
diation. It forms an important sub- 
stance for GPx, GST and several oth- 
er enzymes which were involved in 
free radical scavenging (25). 

The result presented in Table 1 re- 
vealed that the administration of 
acrylamide in drinking water signif- 
icantly increased lipid peroxidation 
as expressed by an increase in MDA 
levels in tissues. Acrylamide is able 
to increase lipid peroxidation by in- 
ducing oxidative stress with gener- 
ation of free radicals (26). These re- 
sults are in agreement with other 
reports that showed an increase in 
lipid peroxidation in brain and liv- 
er upon administration of acryl- 
amide (27). A recent study on hu- 
man erythrocytes also shows acryl- 
amide induced MDA formation and 
a decrease in glutathione peroxi- 
dase activity in the erythrocyte (28). 
However, in this study, administra- 
tion of PFE counteracted the effects 
of acrylamide. These results come in 
accordance with others who report- 
ed the effects of Carica papaya leaf 
(CPL) aqueous extract on alcohol in- 
duced acute gastric damage and the 
immediate blood oxidative stress 



Groups 


SOD (U/mg protein) 




Stomach Liver 


Kidney 


Group 1 (Control) 


105.6 ± 3.18a 270.73±26a 


93.56±15b 


Group II [Acrylamide) 


68.65 ± 5.19b 187.85±38c 


80.32±16c 


Group III (CPF) 


107.6 ± 1.49a 274.58±27a 


111.43 ± 18a 


Group IV (Acrylamide+ CPF) 


104.8 ± 2.27a 233.98±24b 


90.76±15b 


Table 4. Effect of acrylamide (0.05% in water) and CPF aqueous extract (250mg/kg) and their combination on 
superoxide dismutase activity (SOD) (U/mg protein) of Stomach, liver and kidneys of rats.. Means within the 
same column carrying different letters are significantly different (P< 0.05) 


Groups 


Serum Immunoglobulin 


(mg/dl) 


IgM 


IgG 


Group 1 (Control) 


16.06±0.58a 


123.00±4.20b 


Group II [Acrylamide) 


12.01±1.34b 


89.17±5.55d 


Group III (CPF) 


17.04 ± 1.26a 


138.60±6.14a 


Group IV (Acrylamide+ CPF) 


13.15±0.68b 


107.70±4.61c 



Table 5. Effect of acrylamide (0.05% in water) and CPF aqueous extract (250mg/kg) and their combination 
on IgG and IgM of rats. Means within the same column carrying different letters are significantly different 
(P<0.05) 
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level in rats, the results showed that 
gastric ulcer index was significant- 
ly reduced in rats pretreated with 
CPL extract as compared with alco- 
hol treated controls (29). The same 
authors revealed that, biochemical 
analysis indicated that, the acute al- 
cohol induced damage is reflected in 
the alterations of blood oxidative in- 
dices and CPL extract offered some 
protection with reduction in plas- 
ma lipid peroxidation level and in- 
creased erythrocyte glutathione per- 
oxidase activity, therefore, Carica pa- 
paya leaf may potentially serve as a 
good therapeutic agent for protec- 
tion against gastric ulcer and oxida- 
tive stress. In vivo and In vitro eval- 
uation of the antioxidant effects of 
dried papaya juice in rats showed 
that, the blood total antioxidant 
power was increased significantly 
while blood lipid peroxidation levels 
decreased significantly (30). A novel 
electron spin resonance (ESR) tech- 
nique for evaluating oxidative stress 
and location of its damage in the 
brain of spontaneously hyperten- 
sive rats (SHR) has been described to 
evaluate the ability of fermented pa- 
paya preparation (FPP, a product of 
yeast fermentation of Carica papaya 
Linn.) to modulate oxidative stress 
of SHR brain results revealed that, 
FPP have up-regulated the redox de- 
fense activity in the SHR brain (31). 

The enzymatic antioxidant de- 
fense systems are the natural protec- 
tors against lipid peroxidation. Table 
2, 3 and 4 demonstrates significant 
reduction in the level of GSH and 
activity of CAT and SOD respective- 
ly in the tissues by acrylamide. This 
suggests an increased utilization of 
this antioxidant enzyme with sub- 
sequent depletion to counter the in- 
creased level of free radicals induced 
by acrylamide in these tissues. These 
results concur with previous studies 
which reported a decrease in the ac- 
tivity of GST and other antioxidant 
enzymes in rat brain on subsequent 
exposure to acrylamide (32). This 
is concurs also with other reports 
that showed significant decrease in 
the level of glutathione (GSH) in 
brain and liver of rats upon acryl- 
amide administration (27). Acryl- 
amide are electrophilic compounds, 
which property facilitates them to 



react with vital cellular nucleophiles 
possessing SH, NH 2 and OH groups. 
GSH is a cellular non-protein sulfhy- 
dryl molecule, which on administra- 
tion of acrylamide is accompanied 
by its significant depletion in cells by 
reacting with SH group of glutathi- 
one. This results in formation of glu- 
tathione S-conjugates which is the 
initial step in the biotransformation 
of electrophiles (like acrylamide) 
into mercapturic acid with subse- 
quent excretion in the urine. Hence, 
the body uses glutathione for detoxi- 
fication and excretion of acrylamide 
in the body (Edward, 1975). This 
study also, agree with other reports 
which reported significant decrease 
in GSH content and GST activity in 
corpus striatum of rat brain and liv- 
er intoxicated with ACR ((33). In the 
contrast, (34) reported an increased 
activity of antioxidant enzymes after 
incubation of acrylamide with liver 
slices. 

Administration of PFE in combi- 
nation with acrylamide restored the 
activity of this enzyme in all tissues. 
This was in agreement with previous 
studies which reported that, Carica 
papaya contains antioxidant phyto- 
chemicals, such as vitamin C, beta- 
carotene, lycopene and vitamin E 
all of which acts as antioxidant and 
subsequently decrease the consump- 
tion of these antioxidant enzymes to 
combat oxidative stress (35, 36, 37, 
38, 39, 40). 

In a small double-blind, place- 
bo controlled study, a fermented ex- 
tract of Carica papaya was adminis- 
tered to elderly patients without ma- 
jor diseases, the fermented Carica 
papaya preparation supplemented 
group showed a significant enhance- 
ment of the individual's antioxidant 
defense system (41, 42). 

The Carica papaya extract (CPE) 
have hepatoprotective effect against 
carbon tetrachloride intoxicated rats 
and it may be mediating its protec- 
tive effects either by decreasing the 
metabolic activation of carbon tet- 
rachloride, or by acting as a chain- 
breaking antioxidant for scavenging 
free radicals or by a combination of 
these effects. In an earlier study, the 
presence of alkaloids, flavonoids, sa- 
ponin, tannin, anthraquinones, and 
anthacyanosides in CPE was report- 



ed (43). Also, previous independent 
studies have reported that the pro- 
tective actions of hepatoprotective 
medicinal plants are mediated by 
their flavonoids or alkaloids com- 
ponents or by their combination via 
antioxidant and free radicals scav- 
enging activities (44). The presence 
of these active biological principles 
may thus be accounting for the bi- 
ological effect of CPE and could be 
via antioxidant and/or free radicals 
scavenging activities. However, fur- 
ther studies will still be required to 
substantiate this. Oral administra- 
tion of fermented Papaya Prepara- 
tion (F.P.P), a health food prepared 
from a yeast fermented mixture of 
medicinal plants, has been reported 
to decreased lipid peroxidation and 
increase the superoxide dismutase 
activity in rat (9). The same authors 
reported that, the antioxidant action 
of papaya could be exerted through 
different mechanisms, i.e. by metal- 
cheletion, by scavenging of hydroxyl 
radical, by an effect on antioxidant 
enzymes, or by reaction with perox- 
yl radicals. 

Concerning the effect of the oral 
administration of CPF aqueous ex- 
tract and acrylamide on immune 
functions (IgG and IgM) (Table 5) 
it was cleared that, CPF aqueous 
extract elicited significant increase 
the IgG and IgM in group III while 
acrylamide significantly decrease it 
in group II in comparison with con- 
trol group. On the other hand, ad- 
ministration of CPF aqueous extract 
in group IV elevate the level of IgG 
near to the control level. This could 
be attributed to the potent antiox- 
idant activity of CPF aqueous ex- 
tract (5, 6). These results were near- 
ly correlated with that of other au- 
thers who stated that there is a lot 
of information about the role of 
free radicals in the immune defense 
mechanism where the involvement 
of Free radicals leading to weak- 
ness of immunity (46). Also, these 
findings were coincided with oth- 
ers who concluded that the supple- 
mentation with the antioxidant pro- 
tected immune responses in indi- 
viduals exposed to certain environ- 
mental sources of free radicals (47). 
Many of the protective functions of 
immune cells depend on the fluidity 
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of the membranes of the cell. As the 
concentration of polyunsaturated 
fatty acids in the membranes is in- 
creased, the potential for membrane 
lipid peroxidation mediated by free 
radicals also is increased. Lipid per- 
oxidation decreases membrane flu- 
idity, which adversely affects im- 
mune responses. Mice fed oxidized 
lipids show marked atrophy of the 
thymus and T-cell dysfunction. Loss 
of membrane fluidity has been relat- 
ed directly to the decreased ability of 
lymphocytes to respond to challeng- 
es to the immune system (48). 

Although our bodies can syn- 
thesis antioxidant enzymes, we also 
need additional intake of dietary an- 
tioxidants to enhance our immuni- 
ty and protect us from the harmful 
effects of free radicals and oxidative 
stress. 

5. CONCLUSION 

Acrylamide caused many adverse 
effects in the tissues reflected in sig- 
nificant increase in lipid peroxida- 
tion, decrease in glutathione levels 
and decreased activities of catalase 
and superoxide dismutase. The ad- 
ministration of papaya fruit aque- 
ous extract alone or in combina- 
tion with acrylamide significantly 
lowered lipid peroxidation, and en- 
hanced glutathione levels, activity of 
catalase and superoxide dismutase as 
well as improves immune status re- 
flected in increased Ig G and Ig M. 
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